Summary. The We also studied the effects of co-culture with uterine cells on blastocyst DNA and protein synthesis. In no cases we obtained stimulation of blastocyst development during the co-culture period, and DNA or protein synthesis decreased in the presence of uterine cells.
Summary. The first part of this paper presents data concerning our knowledge of uterine proteins during early pregnancy in domestic mammals ; the second part gives results of in vitro biochemical studies on embryo-uterine interactions in the ewe.
We have developed an in vitro technique of the co-culture of ovine uterine epithelial cells with the blastocyst or its secretory proteins. The effects of a specific trophoblastic protein (oTPB), involved in the maintenance of the corpus luteum, have been particularly studied by this system. The modifications of endometrial protein synthesis have been measured by incorporation of radiolabelled amino acids and analysed by electrophoresis (SDS-PAGE or bidimensional). The results show that the presence of the blastocyst, or of its total secretory proteins or oTPB alone, decreased overall protein synthesis by the endometrial cells. The nature of the secreted proteins was apparently not affected by the blastocyst, but the addition of oTPB alone increased the production of 3 polypeptides ( MW = 150 ! 10 3 ; 74 -10 3 ; 50 ! 103 and pl = 7-8.2 ; 5.4-5.2 ; 6.4, respectively) and decreased the synthesis of 2 others (MW = 57 10!; 35 10 3 and pl = 7-6.7 ; 5.3, respectively).
We also studied the effects of co-culture with uterine cells on blastocyst DNA and protein synthesis. In no cases we obtained stimulation of blastocyst development during the co-culture period, and DNA or protein synthesis decreased in the presence of uterine cells.
In conclusion, the presence of specific uterine proteins has been established in some domestic mammals (pig, rabbit) but not in all of them. Although local modifications of uterine protein synthesis are induced by the embryo or its secretory products, the nature and the role of the proteins which are affected need to be determined by further studies.
Introduction.
The pre-implantation period of gestation is characterized by interactions between the conceptus (the embryo and its associated membranes) and the maternal endometrium, which are necessary to the maintenance of the corpus luteum and to endometrial secretion of an environment favourable to embryonic development. In domestic mammals (cows, sheep, pigs, horses) the attachment of the conceptus to the uterine epithelium occurs late after its entry into the uterine cavity ( Shelton, 1964 ; Rowson and Moor, 1966; Rowson et al., 1972; Wilmut et al., 1985 ; Pope and First, 1985) . Another example, emphasizing the role of uterine environment on embryonic development, is given by species which exhibit natural (roe deer, mink) or induced (rat, mouse) delayed implantation. During this process, the blastocyst is maintained dormant (diapause) for a period which may last several months. The activation and subsequent implantation of the blastocyst are associated with a resumption of the secretory activity of the endometrium under the influence of maternal hormones (Aitken, 1981 ; Surani, 1975) .
Although many studies have documented the fact that uterine environment plays a key-role in embryonic development, only a few uterine secretory proteins have been isolated and characterized. In the first part of this paper we review some data concerning our knowledge of endometrial proteins in domestic mammals (see also Bazer et al., 1981 ) . In the second part, we report studies on the secretory activity of the endometrium and utero-embryonic interactions in vitro during the early stages of pregnancy, mainly in sheep, with references to work in progress in our laboratory.
Uterine proteins.
The « preimplantation » endometrium is under the influence of ovarian hormones, mainly progesterone. Therefore, studies on the secretory activity of the endometrium during the early stages of pregnancy have led to the characterization of progesterone-induced proteins (table 2) . The rabbit and the pig have been particularly well investigated.
Rabbits. -A well-known uterine protein in this species is uteroglobin (Beier, 1976) or blastokinin (Daniel, 1976) . This protein, secreted by the rabbit endometrium, is induced by progesterone (Beier, 1976 ; Beato, 1977) . However, it is not a uterine specific protein since it has been found in other organs (lungs : Bullock, 1977 ; vas deferens : Noske and Feigelson, 1976) . However, in these extra-uterine sites, uteroglobin is not progesterone dependent (Savouret et al., 1980) . Its amino acid sequence (Ponstingl et al., 1978 ; Popp et al., 1978) and crystalline structure (Mornon et al., 1980) have been determined ; the gene has been cloned (Chandra et al., 1980) . Uteroglobin binds progesterone (Beato, 1977; Fridlansky and Milgrom, 1976) and passes through the blastocyst coverings (Kirchner, 1972) . The significance of its presence in uterine secretion remains obscure. Krishnan and Daniel (1967) coined the name o blastokinin » because of its effects on blastocyst development in vitro, but these results were not confirmed by other studies (Beier, 1976 Non-uteroglobin proteins have been also described in the rabbit under progesterone stimulation. These include endometrial proteases which are probably involved in the digestion of blastocyst coverings (Kirchner, 1980) and high molecular weight proteins (MW ! 100 KD) (Dunbar and Daniel, 1979) . No particular function has been attributed to the latter uterine components.
Pigs. -In the pig the progesterone-induced protein, uteroferrin, has been the subject of numerous studies (see review by Roberts and Bazer, 1988 (Simmen et al., 1987) . The reduced form of uteroferrin is a potent acid phosphatase (Schlosnagle et al., 1974 (Schlosnagle et al., , 1976 . The function of this protein is to transport iron from the endometrium to the conceptus (Chen et al., 1975 ; Roberts et al., 1986) (Roberts and Parker, 1974) . However, specific uterine proteins have been described in cows (Roberts and Parker, 1974 ; Laster, 1977 ; Dixon and Gibbons, 1979) and in sheep (Roberts G. P. et al., 1976; Staples et al., 1978) . Up to now, none of these proteins have been isolated and purified. Segerson (1988) (Findlay et al., 1982) . In the same way there were no differences in the secretory activity of the endometrium between pregnant or non-pregnant endometrial explants (Eyestone and French, 1981 ) . These discrepancies account for the difficulties in showing any pregnancy-related change of protein synthesis by the ovine endometrium using these methods. In the cow, similar studies failed to demonstrate major changes in the protein released by endometrial tissue culture from pregnant or non-pregnant animals (Bartol et al., 1985) . Data concerning the pig suggest that the embryo could act locally on the endometrium and affect protein synthesis. Endometrial explants from the unilaterally gravid horn release more proteins than explants from the non-gravid horn, but the nature of the polypeptides secreted by the endometrium is not different (Basha et al., 1980) . However, in the cow, the co-culture of trophoblastic tissues with endometrial explants did not affect protein synthesis by the endometrium (Wathes, 1980 (Guillomot et al., 1987) . The trophoblastic factors responsible for such changes were not characterized, but it was shown that a protein (oTP1 : ovine trophoblastic protein 1 ), in sheep, which is secreted by the pre-implantation conceptus, stimulated the synthesis of 6 polypeptides by endometrial explants (Godkin et al., 1984) . The analogy between oTP1 and the antiluteolytic factor, trophoblastin (or oTPB) (Martal et a/., 1979) , has been established (Godkin et al., 1984 ; Vallet et al., 1987) and by blastocyst (Salamonsen et al., 1986 (Salamonsen et al., 1988 ).
The precise function of the proteins affected by oTPB and/or proteins from the blastocyst is still unknow and must be further studied. Only some speculative hypotheses can be drawn. oTPB could act on the synthesis of some prostaglandin inhibitor. Such a factor has been detected in the endometrium of pregnant cows (Basu and Kindahl, 1987) and has been named « EPSI » (endometrial prostaglandin inhibitor synthetase) (Gross et al., 1988 Wright, 1982 ; Allen and Wright, 1984) . Most of these studies concerned early stage embryos (from the one-cell to the blastocyst stage). In older embryos the effect of uterine secretion in vitro has not been clearly established. In the pig, co-culture of trophoblast tissue with endometrial explants induced an increase in protein synthesis by the trophoblast, but the effect was only noticeable when the levels of the conceptus proteins were low before co-culture (Rice et al., 1981 ) . In similar experiments, Wathes (1980) has not reported any difference in the rate of protein synthesis between co-cultured bovine trophoblast and control tissue. In the same way, culture of Day 11 bovine blastocysts with conditioned media from endometrial explant cultures had no effect on embryonic protein synthesis (Eyestone and French, 1981 ).
In our experimental conditions, we observed that co-culture of Day 1 1 -12 2 blastocysts on ovine uterine cells had rather an inhibitory effect on DNA and protein synthesis by the embryos (figs. 11,12). These results raise questions since uterine secretions are assumed to nourish the developing embryo. Previous studies in rodents have described an inhibitory effect of uterine factors from delayed implantation secretions on blastocyst development in vitro (Weitlauf, 1976 (Weitlauf, ,1978 Psychoyos and Casimiri, 1981 ) . In the pig, Flint (1981 ) has reported the presence of both activator and inhibitor factors of DNA synthesis by trophoblast cultivated in the presence of uterine flushings. In this experiment, this effect was only apparent when uterine flushings were stored for a long time before use. When uterine extracts were used shortly after collection, they had an activating effect. The inhibitory factors found in rodents and in the pig have similarities. They are heat stable, dialysable products from the progesteronedominated uterus. In our experiment, the inhibitory effect on protein synthesis by the blastocyst was maintained after dialysis. The significance of the presence of inhibitory factors in endometrial secretion is not understood. It may be assumed that the uterine secretory products could activate the growth of the embryo but also limit it. In in vitro conditions, the equilibrium between activator and limiting factors is displaced towards the limiting ones. Examples of limiting factors of trophoblastic growth is shown in the pig with plasmin inhibitor (see above). In humans, it has also been reported that IGF-binding protein secreted by the endometrium could control the proliferation of trophoblast into decidual tissue (Bell, 1988 
